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INTRODUCTION 

F i r e  is of g rea t  b e n e f i t  t o  mankind. It furn ishes  the  h e a t  fo r  h i s  cooking and 
fo r  warmth of h i s  she l t e r s .  
Some form o f  combustion process,  t h a t  i s  f i r e ,  provided the  major source of energy 
fo r  h i s  power. 

u n t i l  the r e l a t i v e l y  r ecen t  advent of nuclear power, 

However, along wfth i t s  tremendous value, f i r e  has a l s o  proved a t e r r i b l e  enemy 
of mankind. 
uncontrolled f i r e s  i n  the  c i v i l i z e d  world, as w e l l  as i n  areas where c i v i l i z a t i o n  
has progressed more slowly. 

Few people need t o  be convinced of the heavy annual waste r e s u l t i n g  from 

Uncontrolled f i r e s  have caused f r igh ten ing  physical,  mental and f inanc ia l  l o s ses  
t o  loca l  communities. For example, from 1948 to  1952, t h e  average annual f i r e  l o s s  
according t o  the National F i r e  Pro tec t ion  Association i n  the  United States amounted 
to  $814,957,000. Even t h i s  f i gu re  cannot poss ib ly  take i n t o  account the l o s t  l ives ,  
the destroyed businesses and the d i s rup t ion  of  production. 

This paper d iscusses  a new method to  he lp  mi t iga t e  t h i s  t e r r i b l e  t o l l  of f i r e  
waste. Idea l ly ,  the b e s t  way t o  combat the problem of f i r e s  i s  t o  prevent them. 
Unfortunately, t h i s  approach appears t o  be one of the  most d i f f i c u l t  t o  implement. 
Another way t o  combat t h i s  problem i s  t o  increase  the  r a p i d i t y  w i t h  which f i r e  
extinguishing agents function. 

Research s c i e n t i s t s  i n  f i r e  f igh t ing  a re  cons tan t ly  working toward this goal. 
I f  an improved ex t inguish ing  agent can be developed, the  f i r e  l o s s  can be decreased. 
S c i e n t i s t s  a t  Syracuse Univers i tp  have been working toward such a goal for the p a s t  
fourteen years. From 1947 to  1957, the primary concern was with methods t o  increase  
the e f f ec t iveness  o f - f i r e  f igh t ing  foams. During the  p a s t  four years, these 
researches  have been concentrated on methods t o  improve the f i r e  f igh t ing  character-  
i s t i c s  of water. 

The o r i g i n a l  f i r e  research  conducted a t  Syracuse Univers i ty  d e a l t  with f i r e  
f igh t ing  foams. 
formulations, foam genera t ion  techniques and foam ext inguish ing  systems. These 
s tud ie s  were l a rge ly  c a r r i e d  o u t  under the auspices of t he  Navy and Army. 
experimental work was p a r t i a l l y  respons ib le  f o r  t he  development of the high 
expansion foam used t o  envelop an a i r c r a f t  c r a sh  f i r e .  
d i s a s t e r s  are f o r  covering a runway fo r  a "be l ly  landing", blanketing a gasoline 
s p i l l a g e  t o  prevent f i r e s  f rom s t a r t i n g ,  and even fo r  calming wave ac t ion  i n  sea 
rescue operations.  
on these uses, while the government f a c i l i t i e s  were concent ra t ing  on per t inen t  
applications.  Foams a r e  probably the bes t  methods a v a i l a b l e  f o r  extinguishing 
Class B f f r e s .  

The major ob jec t ives  during t h i s  work were t o  develop b e t t e r  foam 

Early 

Other uses of foam i n  a i r  

Syracuse University conducted much of  the  fundamental research  
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During this work t h e r e  w a s  a l s o  some experimentation vfth t h e  extinguishment of 
Class A f i r e s  which a re  normally a t tacked  by water. The s t u d i e s  on foams led  t o  the 
b e l i e f  t h a t  some of  t h e i r  ou ts tanding  qua l i t i e s ,  such as blanket ing  a b i l i t y  and hi& 
viscos i ty ,  might be obta inable  i n  water through the use: of certain additives.  The 
present  study was  thus i n i t i a t e d  t o  determine whether a d d i t i v e s  improve the f i r e  
f igh t ing  c h a r a c t e r i s t i c s  of  water, 'and i f  so, which formulation is most ef fec t ive .  

Water i n  i t s  n a t u r a l  state has been used t o  ex t inguish  f i r e s  f o r  many centuries.  
It h a s  three grea t  advantages because of i ts cooling proper t ies ,  lw cos t  and almost 
un ive r sa l  a v a i l a b i l i t y .  
S t a t e s  and o ther  p a r t s  of the world, these  t h r e e  qualities were s u f f i c i e n t  t o  o f f s e t  
some of the l imi t a t ions  o f  water as a f i r e  f i g h t i n g  agent. 
c i t y  fire is  feared not  only because of the damage i n f l i c t e d  t o  one bui ld ing  bu t  a l so  
because of the p o s s i b i l i t y  of damage t o  a great area, these  l i m i t a t i o n s  c a n n o t  be 
completely neglected. 
explosion, t he  supply of water may be extremely limited i n  some areas. 

Before the great t rend  tovard urbaniza t ion  i n  the United 

Hovever, today when a 

There i s  a l s o  a further danger that w i t h  t he  cur ren t  population 

The limitations of water are essentially three  fold. First, because of its low 

Secondly, water ' s  continued blanketing a b i l i t y  
v iscos i ty ,  water forms a t h i n  f i l m  which rap id ly  runs o f f  the burning structure. 
This may allow the f i r e  t o  reignite. 
is  limited. I f  the r a d i a n t  
energy of the  f i r e  can be  separa ted  from the source of fue l ,  m e  rap id  extinguish- 
ment of the flame i s  possible.  
adjacent buildings w i l l  he lp  to prevent the spread of the f i r e .  

Third,  water has  reLat ive ly  poor r e f l e c t i v e  powers. 

The r e f l e c t i o n  of  the r a d i a n t  energy away from the  

ExpwMENTdIPRpRocEDuRe 

The approach t o  this problem has  been t o  prepare so lu t ions  of  var ious  addi t ives  
and water and to test these new so lu t ions  f o r  f i r e  f i g h t i n g  e f fec t iveness .  
the experimentation has been w i t h  two major groups o f  addi t ives :  
and opac i f i e r  additives.  
the  i n i t i a l  spreading o f  t he  v iscous  water. V i s c o s i t y  add i t ives  are u t i l i z e d  to 
improve the blanketing and run-off p rope r t i e s  of water. 
employed to r e f l e c t  radiant energy avay from t h e  burning and/or adjoining s t ruc -  
tu res .  

Basically, 
v i s c o s i t y  add i t ives  

Detergents have been used i n  l imi ted  emaunts t o  improve 

The o p a c i f i e r  a d d i t i v e s  are 

Work t o  da t e  has  been pr imar i ly  d i r ec t ed  toward the eva lua t ion  of v i s c o s i t y  
add i t ives  and these add i t ives  have genera l ly  been the most e f f ec t ive .  
experience wi th  opac i f i e r s  has a l s o  been accumulated. 
from many major  manufacturers of  v i scos i ty ,  opac i f i e r  and de tergent  addi t ives .  
Essent ia l ly ,  the  b a s i c  approach is to  screen these add i t ives  i n  the labora tory  and 
then t e s t  t he  more promising ones on small and l a rge  scale f i r e s .  . 

However, 
Samples have been received 

The v iscos i ty  addi t ives ,  are t e s t ed  on a run-off simulator apparatus (ROSA) 
which vas designed and b u i l t  i n  the  Syracuse University labora tor ies .  This apparama 
w a s  designed to  simulate the a c t u a l  run-off p rope r t i e s  of the  f i r e  f igh t ing  solution- 
It measures the f l u i d  f i l m  t ime,  temperature drop, and volume of the l i q u i d  
evaporated. 

The more promising a d d i t i v e s  are subjec ted  to  a small scale f i r e  test. AlL 
small sca le  f i r e  tests are conducted in a s m a l l  laboratory b u i l t  express ly  f o r  t h i s  
purpose. 
in a cont ro l led  environment. Such va r i ab le s  as r a i n ,  snow and wind ve loc i ty  do not 
a f f e c t  the t e s t  condi t ions  (7). 
conducted i n  an enclosed f i r e  room. 
is approximately 13' x 12' x 12' and which is  constructed of  galvanized shee t  metal. 
A window has  been i n s e r t e d  on one s ide  of the enclosure so t h a t  the performance of the 
so lu t ion  as it i s  sprayed on the burning sur face  can be  observed. 

The test si te i t s e l f  i s  constructed such t h a t  the  tests can b e  conducted 

Both the small and l a rge  scale f i r e  t e s t s  are 
This room cons i s t s  of a But le r  bu i ld ing  which 

Enhaust f a c i l i t i e s  
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have been provided t o  permit adequate c o n t r o l  of v e n t i l a t i o n  o r  d r a f t .  

The f u e l  genera l ly  used f o r  both la rge  and s m a l l  sca le  f i r e s  i s  Cal i forn ia  clear 
pine which has been presoaked i n  kerosene, f o r  approximately 30 seconds. 
small s c a l e  t e s t s ,  e i g h t  p ieces  of the  wood, 1" x 3" x lo", a r e  arranged i n  two tiers. 
A s i n g l e  nozzle ( F u l l j e t  1/8 Gc8, manufacturered by Spraying Systems Company) is  
located a t  the he ight  of 6 f e e t  above the f i r e .  
allowed to  burn four minutes before  extinguishment i s  s ta r ted .  
thermocouples and a radiometer, i t  has been found t h a t  almost a l l  of  the t e s t  f i r e s  
reach t h e i r  m a x i m u m  i n t e n s i t y  a t  t h i s  time i n t e r v a l .  
v i s c o s i t y  on extinguishment, a uniform preburn t i m e  of four minutes was used. 
small s c a l e  f i r e  tes t ,  the sample s o l u t i o n  w a s  sprayed on the  burning s t r u c t u r e  a t  a 
r a t e  of 1.G.P.M. 

For the 

The wood i s  i g n i t e d  and the f i r e  i s  
Through use of 

In studying t h e  e f f e c t  of 
On the  

After  the var ious s o l u t i o n s  of a d d i t i v e s  are t e s t e d  on the  small s c a l e  f i r e s ,  t h e  
surviving promising ones are f u r t h e r  t e s t e d  on l a r g e r  scale f i r e s .  In this test the 
wood, which i s  2" x 4", i s  arranged i n  three  tiers. The f i r s t  tier i s  comprised of 
13 pieces  each 36" long spaced one inch apar t .  The second tier i s  comprised of 1 2  
pieces  each 35" long, and the top tier c o n s i s t s  of 12 pieces  each 34" long. This 
i s  shown i n  Figure 1. Thus, a type o f  t runcated pyramid s t r u c t u r e  i s  obtained. Only 
the wood i n  the f i r s t  t ier  i s  presoaked i n  kerosene. I n  this test ,  four nozzles 
( F u l l j e t  1/4 GG nozzles, manufactured by.Spraying Systems Company) are used f o r  
ext inguishing the f i r e .  The nozzles  are equal ly  spaced a t  a d i s tance  of 1 . 4  ft., 
from t h e  center  of  t h e  f i r e  c r ib ,  and approximately 12  f t . ,  above t h e  wood arrangement. 
I n  the la rger  sca le  f i r e  tests, var ied  preburn times are used but  the sample s o l u t i o n  
i s  sprayed on the  burning s t r u c t u r e  a t  a ra te  of  3 . 6  G.P.M., 19 p s i .  

After  ign i t ion ,  the i n t e n s i t y  of  the l a r g e  scale f ire cont inua l ly  increases  u n t i l  
i t  reaches a maximum a f t e r  about th ree  minutes. (Figures 2 and 3). The preburn t i m e s  
f o r  the large scale f i r e  tests are var ied  i n  order  t o  permit thorough ana lys i s  of  the  
e f f e c t s  of var ious a d d i t i v e s  on extinguishment. 
l a r g e r  sca le  f i r e  and the r e s u l t s  are compared with corresponding data obtained using 
water alone. 

Each formulation is  t e s t e d  on t h e  

Recent work h a s  been concentrated on t r a n s f e r r i n g  the  optimum formulation 
r e s u l t s  from the labora tory  t o  f i e l d  f i r e  tests. In these e f f o r t s ,  l o c a l  county 
f i r e  departments have cooperated. 
i n  cooperation with the  Navy F i r e  School a t  Norfolk, Vi rg in ia  on c r i b s  of seasoned 
2" x 4" pine wood, measuring approximately 8 f e e t  on a s i d e  and 4 f e e t  i n  height .  

Severa l  series of  f i e l d  f i r e  t e s t s  have been run  

In addi t ion  t o  these r e l a t i v e l y  c o n t r o l l e d  tests, c l o s e  l i a i s o n  h a s  been 
main ta ined  with the  U. S. Department of  Agricul ture ,  Fores t  Service, Divis ion of 
Fores t  F i r e  Research, Berkeley, Cal i forn ia .  Hr. Carl C. Wilson; Chief of  the Division, 
and assoc ia tes  ran .opera t iona1  s t u d i e s  i n  t h e  summer of 1960 and are running 
a d d i t i o n a l  opera t iona l  s t u d i e s  a t  t h i s  t i m e  u t i l i z i n g  viscous water on some of the 
tank f i r e  t rucks f o r  f i g h t i n g  f o r e s t  f i r e s .  

RESULTS AND DISCUSSION 

s t u d i e s  to  d a t e  have y ie lded  some q u i t e  s i g n i f i c a n t  r e s u l t s .  A number of 
v i s c o s i t y  increasing a d d i t i v e s  have been found which improve the  e f fec t iveness  of  
water as a f i r e  f i g h t i n g  agent. Some a d d i t i v e s  are more e f f e c t i v e  than others. 
Opacif iers  have been shown to decrease the  r a d i a n t  energy t ransfer .  
on opaci f icers  h a s  been delayed s i n c e  over 75% of the  t o t a l  improvement was a t t r i b u t -  
ab le  t o  increased v iscos i ty .  Viscous water without  o p a c i f i e r s  o f f e r s  less a t tendant  
s torage  problems. 

Further  study , 
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(a) I n i t i a l  Control: One of the b p o r t a n t  f ac to r s  in f igh t ing  Class A f i r e s  
i s  the "knock-down" or  i n i t i a l  cont ro l .  This is a very d i f f i c u l t  parameter t o  measwe 
quan t i t a t ive ly  due t o  the  d i f fe rences  i n  f i r e  f igh t ing  personnel and procedures. 
However, experience i n  the  labora tory  f i r e  tests (Figure 4) and in  the f i e l d  f i r e  tests 
has shown t h a t  viscous water "knocks dawn" the f i r e  much more r ap id ly  than p l a i n  water. 
The f i r e  f igh te r s  can advance up to  or i n t o  the s t r u c t u r e  f o r  r ap id  con t ro l  and later 
f o r  f i n a l  "clean-upr1. 
f i r e  damage and i n  some cases, preserves l i f e .  

run by the Los Aageles C i ty  and County F i r e  Departments a t  the  Van Nuys, Ca l i fo rn ia  
Airport .  "A previously exposed bui ld ing  w a s  i gn i t ed  and one room allowed t o  become 
completely involved. The f i r e  was then knocked down i n  15 t o  20 seconds w i t h  viscous 
water a t  an appl ica t ion  r a t e  o f  30-40 G.P.M. The demonstation was repeated severa l  
times. 
and about ha l f  of t h e  roof had caved in. A t  t h i s  po in t  one of the Los Bngeles City 
Mountain Bat ta l ion  C r e w s  attempted t o  ex t inguish  it. 
capac i ty  of about 35 G.P.M. 
of the  firemen received minor burns. The viscous water crew next took over with 
about the  same app l i ca t ion  r a t e  and were able  t o  knock the  f i r e  dova and br ing  i t  
under con t ro l  i n  about four minutes". 

Small f i r e  t e s t s  were conducted on c r i b s  cons is t ing  
of e i g h t  pieces (1" x 3" x 10") of Ca l i fo rn ia  clear p ine  arranged i n  two tiers, four 
p ieces  i n  each t i e r ,  with one inch  spacing. The viscous water w a s  appl ied  a t  a r a t e  
of one G.P.M. a f t e r  a preburn time of four minutes. 
as the  v i s c o s i t y  is increased. Figure 5 i l l u s t r a t e s  t h i s  e f f e c t  by two d i f f e r e n t  
v i s c o s i t y  additives,  Monsanto DX-840-91 and bentoni te  clay, Volclay ( 2 ) .  Volclay 
reaches i t s  peak of e f f ec t iveness  a t  a v i s c o s i t y  of f i v e  cent ipoises ,  while Monsanto 
DX-840-91 reaches i t s  peak a t  t e n  cent ipoises .  
f u l l y  exp lainab le. 

As a fu r the r  advantage, more r a p i d  i n i t i a l  con t ro l  means l e s s  

A r a t h e r  v iv id  i l l u s t r a t i o n  of t h i s  phenomenon was reported (1) from some tests 

Fina l ly ,  the bui ld ing  was allowed t o  burn l i n t i l  i t  w a s  completely involved 

They used a s m a l l  pumper with a 
They made l i t t l e ,  i f  any, progress and gave up a f t e r  O M  

(b) Extinguishment Time: 

The extinguishment time decreases 

The reason for  t h i s  d i f f e rence  i s  not 

Larger s ca l e  f i r e  t e s t s  were run as previously &scribed. The results (3) of a 
series of t e s t s  comparing extinguishment time f o r  water and fo r  viscous water, obtained 
from the addi t ion  o f  Dou ET-460-4 are shown i n  Figure 6. Cer ta in  uncontrollable 
var iab les ,  such a s  the  chemical and phys ica l  p rope r t i e s  of the wood and the d i f f i c u l t y  
of ob ta in ing  a pe r fec t ly  reproducible test f i r e ,  cause a s c a t t e r i n g  of  the data. 
Hawever, i t  can b e  c l e a r l y  seen that the use of viscous water gFves a marked reduction 
i n  extinguishment t i m e  when p l o t t e d  as a funct ion  of minutes of preburn t i m e .  
example, a t  a preburn t i m e  of four  minutes, water took about 8 minutes f o r  complete 
extinguishment, while viscous water (5.5 cp.) averaged about 1 1 /2  minutes. With 
water, t h e  wood collapsed dur ing  extinguishment fo r  a preburn t i m e  of f i v e  t o  six 
minutes. 
was poss ib l e  to obta in  preburn times of as much as nine minutes, w i t h  no wood collapse. 
Other add i t ives  for increas ing  v i scos i ty ,  e.g. sodium a lg ina tes ,  were t e s t e d  w i t h  
r e s u l t s  of the same genera l  magnitude. 

For 

On the other hand wi th  viscous water, extinguishment w a s  so r ap id  t h a t  it 

The r e s u l t s  on extinguishment time .for Dow ET-460-4, Carboxymethyl Cel lu lose  
(CMC) and water are shown in Figure 7, w i t h  preburn t i m e  a s  a parameter. 
v i s c o s i t y  addi t ive  reduces extinguishment time, although a t  the same v i s c o s i t y  Dow 
ET-460-4 appears t o  b e  more e f f e c t i v e  than CMC. 

Each 

F i e l d  f i r e  t e s t s  a t  the N a v y  F i r e  School i n  Norfolk have confirmed the  reduction 
i n  extinguishment time.when viscous water i s  used. 
a s  marked a s  i n  the labora tory  b u t  con t ro l  and r ep roduc ib i l i t y  of open f i e l d  f i r e s  
are much more d i f f i c u l t ;  scatter of d a t a  is wide. 

The percentage reduct ion  is not 

Based upon laboratory r e s u l t s ,  f i r e  f igh t ing  agencies i n  Ca l i fo rn ia  and Nevada 
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pooled t h e i r  e f f o r t s  i n  1960 to  conduct a series of suppression and r e t a r d a n t  t e s t s  
t o  determine whether the  chemical addi t ives  could be used t o  he lp  c o n t r o l  f o r e s t  
f i r e s  with ground equipment. A r e p o r t  (5) on t h i s  e f f o r t  from t h e  U. S .  Department 
of Agricul ture ,  Fores t  Service,  Divis ion o f  Fores t  F i r e  Research s t a t e s :  'Viscous 
water reduced suppression t i m e  under many condi t ions and w a s  outs tanding i n  keeping 
f i r e s  from rekindl ing.  
p a r t i c u l a r l y  e f f e c t i v e  i n  ext inguishing usual ly  d i f f i c u l t - t o - e x t i n g u i s h  f i r e s  i n  
f u e l s  such as baled hay and sawdust. Although there  were o p e r a t i o n a l  d i f f i c u l t i e s  
such as spoi lage and s l i g h t  corrosion of metal par t s ,  most problems have o r  can be 
solved. The dry powder that  makes the water th ick  can be mixed on the f i r e l i n e  in  
1 to  5 minutes using the  jet-cype mixer which is e a s i l y  i n s t a l l e d  on the truck". 

(c) Reignition: 
the  f i r e  a f t e r  it has  been extinguished, due t o  the r e s i d u a l  heat .  
have been presented i n  f i r e  f i g h t i n g  annals. One of the  outs tanding c h a r a c t e r i s t i c s  
of  t h e  viscous water extinguishment i s  the almost un iversa l  l ack  of  r e i g n i t i o n  a f t e r  
t h e  f i r e  i s  "out". This is q u i t e  evident  in the  cont ro l led  labora tory  t e s t  f i r e s .  A 
l a r g e  number of  d e t a i l e d  t e s t s  have been repor ted  ( 3 , 4 )  which show t h a t  f i r e s  
ext inguished with water r e i g n i t e d  from one to  four t i m e s  a f t e r  i n i t i a l  extinguishment, 
while mo-st o f  the  comparable f i r e s  extinguished with viscous w a t e r  d id  not  reignite. 
It was a l s o  q u i t e  ev ident  that water ext inguished f i r e s  r e t a i n e d  much more r e s i d u a l  
heat, necessary f o r  r e i g n i t i o n ,  than viscous water ext inguished f i r e s .  

The r e s i d u a l  f i lm of a l g i n  thickened water seemed to  be 

A common problem i n  Class A f i r e  f i g h t i n g  i s  the r e i g n i t i o n  of 
Many such experiences 

Comparable r e s u l t s  on r e i g n i t i o n  have been observed i n  var ious  f i e l d  f i r e  tests 
a t  Norfolk and a t  Mariposa Airport ,  Cal i fornia .  
extinguishment with viscous water; however, i t  i s  much delayed and i s  more e a s i l y  
control led.  Davis (6) s t a t e d  i n  regard  t o  t h e  Mariposa Airpor t  tests: "The chemicals 
also had a not iceable  e f f e c t  on rek indl ing  of  the  charred c r i b s  t h a t  remained a f t e r  
the i n i t i a l  suppression. Although c r i b s  sprayed with viscous chemicals d id  r e i g n i t e ,  
rek indl ing  w a s  slower i n  s t a r t i n g  and c r i b s  t h a t  rekindled, burned a t  a lower rate 
than those sprayed with water". 

(d) Reduced Water Consumption: I n  many tests, it h a s  been shown that the  rate 
of extinguishment with viscous water is many t i m e s  greater than w i t h  p l a i n  water. 
This  means t h a t  a given f i r e  can be fought w i t h  reduced w a t e r  consumption; the water 
a c t u a l l y  used i s  much more e f f e c t i v e .  While i n  many p a r t s  of the  world, w a t e r  i s  
a v a i l a b l e  i n  unl imited q u a n t i t i e s  f o r  f igh t ing  f i r e s  there a r e  many other  places on 
the globe where water is very scarce.  A good example of th i s  is  Southern Cal i fornia .  

Where f i r e s  need t o  be fought i n  i s o l a t e d  p laces  and a l l  f i r e  f i g h t i n g  water 
m u s t  be brought i n  by trucks,  i t  becomes of grave importance t o  u t i l i z e  f u l l y  every 
b i t  of water. I f  one assumes a f i v e  fold increase i n  ra te  of extinguishment f o r  
viscous water, i t  i s  easy t o  see that  one tank t ruck  of  viscous water can c o n t r o l  a s  
much f i r e  as f i v e  tank t rucks  of p l a i n  wa'ter. 

t h e  rap id  t'run-off" so t h a t  only a por t ion  o f  t h e  water i s  e f f e c t i v e .  
number of  laboratory f i r e  tes ts  have shown t h a t  viscous water i s  more e f f e c t i v e l y  
used f o r  extinguishment. A group (3) of comparative tests were r u n  t o  check t h i s  
po in t  under cont ro l led  condi t ions.  
averaged t h r e e  pounds per  minute of f'run-off''; f o r  CMC a t  a v i s c o s i t y  of 5.5 cp., the 
"run-off" was only 1.5 pounds per minute; and f o r  Dow ET-460-4 the  ra te  was less than 
1 pound per minute of 5.5 cent ipoise  viscous water. 

A coro l la ry  to  the  more e f f e c t i v e  use of viscous water i s  the reduced w a t e r  
damage t o  s t r u c t u r e s ,  contents ,  and adjoining f a c i l i t i e s .  
f i r e  several years  ago i n  lower New York, i n  which the o l d  Wannamaker s t o r e  b u i l d i n g  
w a s  destroyed, but,  does every one r e c a l l  that  the ad jacent  subways were flooded o u t  
of  service f o r  many hours? Frequently, firemen complain that  w a t e r  damage t o  t h e  
contents  of a s t r u c t u r e  i s  as great as the f i r e  damage. 

Reigni t ion  occurs  a t  times even w i t h  

(e) Reduced t'Run-Off": An obvious disadvantage of poor u t i l i z a t i o n  of w a t e r  i s  
A la rge  

P l a i n  water appl ied a t  a r a t e  of  3.6 G.P.M. 

Every one r e c a l l s  the  l a r g e  
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( f )  Logis t ics  of Chemical Additives: The mount  of chemical addi t ives  required 
to  achieve an optimum v i s c o s i t y  of water for  f i r e  f igh t ing  v a r i e s  with the  character-  
i s t ic  of  t he  chemical. Sa t i s f ac to ry  v i scos i ty  can usually b e  achieved with less than 
0.2% o f  a chemical addi t ive .  This percentage would r equ i r e  about 16 pounds fo r  t r e a t -  
ment o f  1,000 ga l lons  of  water. 

pound a r e  not firm. Others, such as CMC and Keltex FF, are i n  f u l l  production. A t  a 
p r i c e  of $0.50 per pound fo r  chemicals, i t  would cos t  less than one cen t  per gallon to  
r a i s e  the v i scos i ty  of the  water t o  a s a t i s f a c t o r y  point.  This would not  be consid- 
ered p roh ib i t i ve  under many condi t ions  of f i r e  f igh t ing .  

per ga l lon  for  chemical add i t ives  i s  no t  prohib i t ive .  
reasonable for  a l l  of t hese  chemica~s ,  only 3 t o  14 cents  per gallon". 

Some of the  chemical add i t ives  a r e  only in p i l o t  p l a n t  production, so cos t s  per 

Davis and P h i l l i p s  (5) state t h a t  f o r  f i g h t i n g  f o r e s t  f i r e s  even a higher cos t  
*The p r i c e  p e r  ga l lon  is 

CONCLUSIONS 

1. 
2. 
3. 

4. 

5. 
6. 

Viscous water produces m u c h  more rapid i n i t i a l  con t ro l  of Class A f i r e s .  
The r a t e  of extinguishment of  Class A f i r e s  is more r ap id  with viscous water. 
The danger of r e i g n i t i o n  is markedly reduced when Class A f i r e s  are extinguished 
with viscous wa te r .  
A lower amount of  v i scous  water I s  requi red  fo r  extinguishment of C l a s s  A 
f i r e s .  
Markedly reduced flrua-ofP'  of viscous w a t e r  mi t iga tes  water damage. 
Logis t ics  of chemical a d d i t i v e s  f o r  f i r e  f igh t ing  is economical. 
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